Introduction
CCK-8 is the major circulating form of cholecystokinin. 1 It is extensively found in the gastrointestinal tract and as a neuropeptide, it is widespread in the nervous system. 2 Cholecystokinin, CCK, was originally identified to cause contractions of the gallbladder, 3 later it was discovered as pancreozymin, triggering the release of pancreatic enzymes. In the end, after controversial studies, it was confirmed that cholecystokinin and pancreozymin are identical peptides. 4 Cholecystokinin and its receptor has been extensively investigated as potential drug target. 5 CCK-agonists and CCK-antagonists, 6 have been clinically evaluated as therapeutics. In particular, CCK acted as growth factor in certain forms of cancer. 7 Cholecystokinin caused proliferation in colon-and pancreatic cancer cell lines and therefore, CCK-antagonists were studied as growth factor inhibitors in these CCK sensitive cancers. According to the role of CCK as a neurotransmitter, CCK antagonists were investigated as anxiolytics, 8 in the treatment of schizophrenia and satiety. 9, 10 Asperlicin was the first non-peptidal CCK antagonist isolated from nature. 11 The original lead structure was simplified by Merck and a fully synthetic antagonist Devazepide, was developed. 12, 13 This simplified antagonist was a potent and CCK 1 selective cholecystokinin antagonist, containing a 1,4-benzodiazepine template and an indole moiety. Proglumide was the first glutamic acid derivative, which was marketed as Milid for the treatment of ulcer. Lorglumide, was derived from proglumide, Figure 1 and is now a common experimental CCK 1 receptor standard. The replacement of the indolyl amide group in devazepide by a urea linkage resulted in Merck's CCK 2 selective antagonist L-365, 260. Further SAR optimization by Zeria from L-365, 260 towards Z-360 led to a CCK 2 -gastrin receptor antagonist with improved selectivity and bioavailability, which progressed into a phase 2 trial for pancreatic cancer. [14] [15] [16] [17] [18] The 1,4-benzodiazepine structure was replaced by a nonchiral pyrazol template in our early discovery programmes. A pyrazol, containing an indole carboxylic acid and a phenyl urea moiety, showed excellent anxiolytic and antidepressant properties in mice. Later, the 1,4-benzodiazepine template was varied by a combinatorial solid phase synthesis and a simple n-propyl derivative was found the best CCK antagonist. Key in our recent search, was the low molecular weight <350, an optimum logp value about 3 and a restricted polar surface area of less than 100A 2 , thus, providing us with molecules of a high membrane penetration. Aim of the drug discovery programme, initiated by PNB Vesper Life Sciences, was to systematically design from the 2(5H)-furanone scaffold a hydroxyl-pyrrolone scaffold with ligands for both CCK 1 and CCK 2 pathways. Initial results for CCK antagonists of the pyrrolone scaffold were communicated in the area of cancer therapeutics and inflammation. Here, a full biological evaluation of the PNB-cancer molecules towards PNB-101, a potent and selective fluorinated gastrin antagonist will be reported in detail with respect to the anti-neoplastic properties of the molecule, in particular for lung cancer. [19] [20] [21] [22] [23] [24] [25] [26] [27] Figure 1 Cholecystokinin antagonists: Substituted 5-hydroxy-pyrrol-2-ones as experimental anticancer agents.
Materials and methods

Synthesis
The chemicals were obtained from standard supplies as outlined in, NMR spectra were calibrated with TMS and the melting points were uncorrected.
Preparation of stage 1 intermediates
Synthesis of 3,4-dichloro-5-phenyl-5H-furan-2-one, lactone A
Granulated aluminium chloride (20g, 0.15mol) was added slowly to a mixture of mucochloric acid (16.9g, 0.1mol) and arene (250ml). The reaction mixture was stirred overnight. It was then poured into a mixture of 100g ice and 32ml concentrated hydrochloric acid. The organic layer was separated and washed with 3x100ml water. The combined organic layers were dried over magnesium sulphate and the solvent was removed under vacuum. The oily residue was crystallized from n-hexane. 
Preparation of stage 2 products: pyrrolone synthesis
The general method was previously reported and the spectroscopic data are reported for a full SAR analysis and optimisation with respect to antineoplastic properties. 
4-Chloro
4-Chloro-1-cyclopentyl-5-hydroxy-5-phenyl-1,5-dihydro-pyrrol-2-one 11
4-Chloro-5-(4-chloro-phenyl)-1-cyclopentyl-5-hydroxy-1,5-dihydro-pyrrol-2-one 12
4-Chloro-1-hexyl-5-hydroxy-5-phenyl-1,5-dihydropyrrol-2-one 13
-C h l o r o -5 -( -c h l o r o -p h e n y l ) -1 -h e x y l -5 -hydroxy-1,5-dihydro-pyrrol-2-one 14
4-Chloro-1-cyclohexyl-5-hydroxy-5-phenyl-1,5-dihydro-pyrrol-2-one 15
4-Chloro-1-(phenyl)-5-hydroxy-5-phenyl-1,5-dihydro-pyrrol-2-one 16
-B e n z y l -4 -c h l o ro -5 -( 4 -f l u o ro -p h e ny l ) -5 -hydroxy-1,5-dihydro-pyrrol-2-one 19
4-Chloro-5-hydroxy-5-phenyl-1-((S)-(-)-1-phenylethyl)-1,5-dihydro-pyrrol-2-one 20
4-Chloro-5-hydroxy-5-phenyl-1-((S)-(-)-1-phenylethyl)-1,5-dihydro-pyrrol-2-one 21
4-Chloro-5-hydroxy-1-phenethyl-5-phenyl-1,5-dihydro-pyrrol-2-one 22
I-CCK-8 Radioligand cholecystokinin binding assay
CCK 2 and CCK 1 receptor binding assays were performed using standard receptor binding assays. 24, 25 Male guinea pig brain tissues were prepared according to the modified method described. 28 Pancreatic membranes were prepared as described and binding assays were carried out with L-363, 260 as standard.
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Isolated tissue preparations
Male Sprague Dawley rats, weighing 200-250g were used and all animal care and experimental protocols adhered to the relevant laws and guidelines of the institution. The animals were housed under standard conditions of temperature (25°C) with unrestricted access to food and water. Experimental details are reported in using Tyrode solution and CCK-5, as agonist at increasing concentrations in Tyrode solution Figure 2 . Test molecules and lorglumide as standard, were added to the organ bath with a 10minute incubation period prior to the addition of CCK.
Molecular modeling
Protein structures such as 1HZN for the cholecystokinin receptor and 1L4T for the gastrin receptor were downloaded from the protein data bank in pdb format. Guest-host-interactions were analysed with Autodock Vina and after convergence was achieved, the docking results were visualized with Designer studio 4.5.
In vivo study
Xenograft study in NSG mice
Human cancer cells were grown in DMEM supplemented with 10% FBS at 37 o C in an incubator with 5%CO 2 . For xenograft implantation the relevant cells were harvested and viable cells were determined by trypan blue exclusion. A cell suspension in growth medium was prepared and this cell suspension in growth medium was implanted subcutaneously in NSG mice Figure 3 . 1million cells were transplanted subcutaneously per mouse. Once tumours reached 100mm 3 , the animals were randomized within the respective cell line and treated orally. Animals were sacrificed at the end of the experiment or when the tumours reached over 1500mm 3 or when the animals lost over 20% body weight. All experiments were performed in compliance with the relevant laws and institutional guidelines and the institutional bioethics committee has approved the experiments.
Statistical methods
ANOVA was the selected one-way analysis of variance and a difference was indicated as significant when the difference was found p<0.05. 
Results and discussion
Chemistry 5-arylated dichloro-2(5H)-furanones A-C were synthesised from mucochloric acid (Scheme 1). Mucochloric acid is commercially available under oxidising conditions with hydrochloric acid from furfural. Furfural is available from biomass by hydrolysis with strong acids. Mucochloric acid was reacted into the stage 1 intermediates with benzene, chlorobenzene and fluorobenzene Figure 4 . The arene or haloarene acted as reagent and solvent at RT under the development of hydrogen chloride gas. Depending on the scale of the reaction the exothermic properties of the electrophilic substitution reaction required cooling with ice. For the Friedel-Crafts-Acylation the best catalyst and Lewis acid is granulated aluminium chloride on a small scale. However, on a larger scale aluminium chloride was replaced by trifluoroborane in THF to closely control the exothermic nature of the reaction Figure 5A & 5B. The 5-arylated 3,4-dichloro-2 (5H)-furanones A, B & C (Stage 1 intermediates) reacted in ether with alkyl-and aryl alkyl amines into N-alkylated hydroxyl-pyrrolones 1-24 ( Stage 2 products ). Diethylether or MTB ether is essential to furnish the stage 2 products in high yields under mild conditions and 2 step synthesis is outlined in Scheme 1. All pyrrolones 1-24 are present in the 5-membered ring form, as a hydroxyl-pyrrolone and not in the ring opened keto form. The 5-arylated 2(5H)-furanones reacted selectively in the ester position -a lactone was converted into a lactam-and no attack in the 4-position, Michael position, was observed. Previously, using a polar solvent, such as dimethylformamide, DMF, the IPSO substitution in the 4-position was described for pseudo-esters. 30 In terms of reaction mechanism a ring-opening ring-closure mechanism is proposed here for the formation of the hydroxy-pyrrolones. It is supposed, that the first step in the reaction sequence, is a ring opening of the stage 1 intermediate with amide formation. Subsequently, the keto form of the acyclic 
SAR optimisation
The first step was to screen for potent binding affinity and to identify a CCK 1 or CCK 2 -selective ligand for subsequent m -1 and in vivo evaluation. Using radiolabelled iodinated cholecystokinin, inhibition of binding was determined for all test molecules and the IC 50 are outlined in Table 1 . Lorglumide served as CCK 1 standard and L-365,260 was used as CCK 2 standard. Hydroxy-pyrrolones containing an N-methyl group, lactame 1-2, showed no binding affinity and the formation of homologues resulted in micromolar binding affinity for the iso-propyl group, as seen in lactame 3 and 4. Ring closure on the N-substituent, from isopropyl to cyclo-propyl resulted in a loss of activity (lactame 5, 6) and the ring enlargement from a 3-membered to a 5-membered ring system (entry [11] [12] resulted in a similar binding affinity. Changing N-propyl into an N-butyl resulted in a major increase of binding activity and the overall best substituent was found iso-butyl on the central nitrogen atom, derivative 7. The introduction of a halogen atom into the paraposition of the phenyl group resulted in an increase of binding affinity as observed for lactam 8 and lactam 9. The iso-butyl group on the Natom produced the best overall ligand, with CCK 1 selectivity and the IC 50 was reduced significantly for t-butyl derivative 10. The n-pentyl analogue was formed in very low yields and the n-hexyl lactams 13, 14 clearly lost binding affinity and the same was observed for the cyclohexyl derivative 15. A phenyl substituent on the N in pyrrolone 16, resulted in a loss of activity (>10µM). The N-benzylated derivative pyrrolone 17, resulted in non-selective CCK-ligand. A chlorine atom, changed the binding affinity marginally for the lactam 18 and the introduction of fluorine for lactam 19, resulted in a significantly improved binding affinity, thus providing us with a potent mixed CCK antagonist. The introduction of a chiral amine, such as methyl benzyl amine provided diastereoisomers (Entry 20, 21), which were separated by column chromatography, and both stereoisomers occurred a lower affinity than the parent benzyl derivative 17. The introduction of a single spacer, such as a methylene group, resulted a highly selective CCK 2 ligand 22, which is 450times selective for the CCK 2 /gastrin receptor. Chlorination in the p-position, lactam 23, did not enhance binding affinity any further, but a fluorine atom enhanced binding affinity towards for the gastrin receptor to an IC 50 as low as 13nM. Thus, lactam 24, was identified a SAR optimised molecule, possibly as a result of an additional hydrogen bond of the fluorine atom with the gastrin receptor Table 1 . Overall, the introduction of alkyl groups, most preferred an isobutyl-group, provided a CCK 1 selective antagonist 9, which was the selected development candidate PNB-028 for colon and pancreatic cancer. The N-benzylated pyrrolone 17 displayed a nonselective receptor binding profile and the modification of the spacer between the N-atom of the central pyrrolone template (Lactam 22 and 24) from benzyl to phenyl-ethyl provided us with potent and selective CCK 2 receptor antagonists Figure 2 . These selected molecules were evaluated in vitro using tissue based assays. Molecular modelling was performed to rationalise the drug receptor interactions for the parent molecules. Molecular modelling studies were performed for isobutyl derivative with the CCK 1 receptor Figure 3 . The isobutyl group of the ligand 7 interacted with a hydrophobic cave of the receptor, centred at Ala-14. The carbonyl group in the 2-position bond via hydrogen binding towards the CCK receptor with Arg-9 and the N-atom of the lactam interacted with Glu-17. The 5-hydroxygroup of the ligand displayed interactions with of Asn-6, while the phenyl group has no interaction with tryptophan or phenylalanine. Pi-alkyl interactions only may explain the small increase in binding affinity of the chlorinated analogue compared with PNB-081, based on interaction with Leu-29 and Ile-28. If the para phenyl position is not blocked by the chorine atom, most interestingly, the proposed metabolite can interact with the CCK 2 receptor. It is supposed that lactam 7, is hydroxylated in the para phenyl position by P450 and this metabolite may interact with the CCK 2 
Pharmacology Isolated tissue preparations
A clear SAR was obtained for the entire series of molecules, outlined in Table 1 , with respect to gastrin selectivity. The fluorinated lactame 24 was selected for in vitro evaluation using isolated tissue preparations. Using the isolated rat duodenum preparation, stable amplitude was generated for pentagastrin and a reduction of this amplitude was observed dose dependently for lactam 24, which is outlined in Figure 4 . This assay represented a fast and efficient way to screen for CCK antagonists using classical isolated tissue preparations. The selected lactam acted as much lower concentrations than L-365, 260, the CCK 2 standard. It appeared Figure 4 that the effect of the antagonist 24 in the rat duodenum assay is insurmountable and an irreversible inhibitor is ideal for the development of antineoplastic agents. The function of the fluorine atom in lactam 24 was found dual to firstly enhance binding affinity and secondly to block metabolism of the molecules in the para-phenyl position, thus enhancing oral bioavailability. From 24 molecules in table 1 the phenyl-ethyl substituent was identified a privileged structure. Together with the isobutyl and benzyl derivatives a series of close analogues were screened in vitro using cell based assays.
Cell based in vitro assay
CCK antagonists are associated with an array of therapeutic applications, but the focus of our research programme was to provide a non-toxic, orally available CCK antagonist for the treatment of cancers. The antineoplastic properties of selected NCE and standard CCK antagonists, such as L-365,260 (CC 1 H) and lorglumide (CCK 1 ) were subsequently investigated, using a range of CCK associated cancer cell lines. It was screened for an inhibitor of viability in certain CCK related cancer cell lines using the MTT assay. MCF-7 and MB-231 are humane breast cancer cell lines and MCF-7 did not express CCK receptors. For MCF-7 no activity was found in vitro for the test molecules and standards. The triple resistant cell line MDA-MB-231 showed inhibition in vitro in our experiments and in xenografts in nude mice, antineoplastic activity was associated with the gastrin releasing peptide receptor independent from oestrogen. MAC 13 and MAC16 cell lines are murine colon cancer cell lines. MAC16 is resistant to alkylating agents and has a high expression of the CCK receptor In line with the receptor expression, activity was found for lactame 7 and 9, but the IC 50 for benzylated lactame. 32, 33 19 was 4 times higher. Previously we reported activity for lactame 9 on pancreatic cancer cell lines. Most interestingly, no other CCK antagonist, such as L-365, 260 or lorglumide was found active for this cell line, which is, when transplanted into mice lethal within 7 days. Based on this key difference between the known agents and our inhibitors, it may be concluded, that the unsurmountable irreversible properties of the antagonists are blocking only the proliferation of cell growth. The anticancer activity of the agents is not limited to GI cancers. The cytotoxicity of 2 selected human lung cancer cell lines was shown initially for lactam 19. The mixed CCK antagonist 19 showed a low nanomolar activity in cell based assays. Lung cancer is associated with overexpression of CCK 2 receptors. 34 NCI-H322 was derived in 1981 from a primary bronchioalveolar carcinoma of the lung from a 52 year old male. Cells of this non-small cell carcinoma cell line produce tumours in athymic mice. H-727, the second human lung cancer cell line in our programme, was studied earlier for the gastrin CCK 2 antagonist CI-988 and proliferation was promoted by CCK 8S and gastrin. Based on binding affinity, results from isolated tissue preparations and the experience of fluorinated molecules having favourable bioavailability, lactam 24 was submitted to xenograft analysis using the humane H-727 cell line Table 2 . 
Animal studies in mice Xenograft in vivo lung cancer study
The fluorinated phenyl ethyl pyrrol 24 has had promising in vitro activity on cell lines in the nanomolar range. Lactam 24, went into preclinical development as PNB-101 and was selected for further in vivo studies using nude mice and the results are outlined in Figure 5 .
The transplanted lung tumour cell line proliferated exponentially and 100mg/kg reduced growths significantly (40% inhibition, day 24) and a further reduction was found dose dependently for the 200mg/kg dose and the antineoplastic effect appeared saturated for the 300mg/ kg dose (64%, Day 24). Cis-platin served as standard and killed the tumour, when treated early until resistance was observed on day 27. When cis-platin was applied to an established tumour, no inhibitory effect on tumour growth was observed at all in cycle 2 for the group 4.
The acute toxicity was assessed as loss of body weight and cis-platin showed a clear reduction of body weight, in contrast PNB-101, which increased body weight at all doses, not significantly different from the control. No toxicity of this targeted experimental chemotherapeutic agent PNB-101 was found and no signs of resistance as for cisplatin were observed for the entire period in the xenograft study. The importance of the gastrin receptor is not limited to lung cancer, but also linked with liver cancer and other gastrin related cancers, such as the cancer of the stomach. With PNB-028 (cholecystokinin antagonist) and PNB-101 (gastrin antagonist) targeted chemo-selective agents will become available for a range of cancers, which were historically characterised by origin, and now, will become treatable based on a specific common endocrine growth factor.
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Conclusion
These novel pyrrol-ones showed a good inhibition for CCK and gastrin related cancers. PNB-101 was identified as best gastrin related anticancer agent and entered early preclinical development (PK analysis and membrane penetrations studies). Thus, 2 potent molecules PNB-028 and PNB-101 are available from fluoro-benzene and furfural via the same stage 1 intermediate, making them readily available molecules with a great therapeutic potential. In vitro SAR evaluation has already indicated future therapeutic areas, in addition to lung cancer, such as triple resistant breast cancers, which are still an unmet therapeutic need. The known CNS activity of our CCK antagonists may be of additional therapeutic benefit in treating cancer associated diseases, such as pain, anxiety and depression.
